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From the Nature paper:

The next steps:

Developing the IGT (integrated gene index) and IPI
(integrated protein index)

Large-scale identification of regulatory regions
Sequencing of additional large genomes
Completing the catalogue of human variation

From sequence to function
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Disease Gene Distance
Campomelic displasia SOX9 850kb
Aniridia PAX6 125kb
X-Linked Deafness POU3F4 900kb
Saethre-Chotzen syndrome TWIST 250kb
Rieger syndrome PITX2 90kb
Split hand/split foot SHFM1 450kb

malformation




Background

Evolution can help!

In general, functionally important sequences are

conserved l

Conserved sequences are functionally important

!

Raw sequence can help in finding biological function

Comparison of 1196 orthologous genes
(Makalowski et al., 1996)

* Sequence identity:

- exons: 84.6%
- protein: 85.4%
- introns: 35%

- 5" UTRs: 67%
- 3'UTRs: 69%

+ 27 proteins were 100% identical

Integrating data into more powerful gene prediction
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Comparing sequences of different organisms

* Helps in gene predictions
* Helps in understanding evolution

+ Conserved between species hon-coding sequences
are reliable guides to regulatory elements

- Differences between evolutionary closely related
sequences help to discover gene functions

Challenges

Sequence at different stages of completion,
difficult Yo compare

mmm)> Partial Assemblies

Whole genome shotgun
Finished BACs

Fast and accurate analysis
Scaling up to the size of whole genomes




http://www-gsd.Ibl.gov/vista
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INFORMATION about Vlsla

How to cite: VISTA, |sta A computational tool for comparing an arbitrary numker of genomic
VAL a1 o s astinne ~emmanta v Somianna fin Aiffarant cnaciae  Netais

Processed ~ 11000 queries on-line, distributed > 560 copies of the
program in 34 countries

Modules of VISTA:

* Program for global alignment of DNA
fragments of any length

* Visualization of alignment and various
sequence features for any number of
species

* Evaluation and retrieval of all regions with
predefined levels of conservation




Sequence comparisons. How?

Three variations:

Find the best OVERALL alignment.
Global alignment

Find ALL regions of similarity.
Local alignment

Find the BEST region of similarity.

Optimal local alignment

Aligning large genomic regions
Long sequences lead to memory problems
Speed becomes an issue
Long alignments are very sensitive to parameters
Draft sequences present a nontrivial problem
Accuracy is difficult to measure and to achieve

References for some existing programs:
Glass:
Domino Tiling, Gene Recognition, and Mice.
Pachter, L. Ph.D. Thesis, MIT (1999)
Human and Mouse Gene Structure: Comparative Analysis and Application to Exon Prediction.
Batzoglou, S., Pachter, L., Mesirov, J., Berger, B., Lander, E. Genome Research (2000).
MUMmer
Delcher, A L., Kasif S., Fleischmann, R.D., Peterson J., White, O. and Salzberg, S.L.
Alignment of whole genomes. Nucleic Acids Research (1999)
PipMaker
PipMaker: A Web Server for Aligning Two Genomic DNA Sequences.
Scott Schwartz, Zheng Zhang, Kelly A. Frazer, Arian Smit, Cathy Riemer, John Bouck, Richard Gibbs,
Ross Hardison, and Webb Miller. Genome Research (2000)
Scan2
Dbscan/Scan2: Fast alignment of mega-sequences.
Seledtsov I.A., Solovyev V.V. To Appear. Web site http://softberry.com/




Local alignment algorithms are designed to search for highly
similar regions in two sequences that may not be highly similar in
their entirety. The algorithm works by first finding very short
common segments between the input sequence and database
sequences, and then expanding out the matching regions as far as
possible.

I
For cross-species comparison one needs to accurately align fwo
complete sequences. It is insufficient to find common similar
regions in the two sequences, rather, what is needed is a global map
specifying how the two sequences fit together, much like
understanding how the pieces in a puzzle connect up with each
other.

This problem is called global alignment

Local vs global alignment

N e

+ Global Alignment

Local Alignment




AVID- the alignment engine behind VISTA

= Very fast global alignment of megabases of sequence.

= Provides details about ordered and oriented contigs, and
accurate placement in the finished sequence.

= Full integration with repeat masking

[ SR R T

ORDER and ORIENT
FIND all common k-long words (k-mers)

ALIGN  k-mers scoring by local homology
FIX k-mers with good local homology
RECURSE with smaller k (shorter words)

Visualization

!

tggtaacattcaaattatg----- ttctcaaagtgagcatgaca—-acttttttccatgg

[ I O e N N N [ LEerer ol I [l
tgatgacatctatttgctgtttcctttttagaaactgcatgagagecctggctagtaggg
0 N\ _

| E—

Window of length L is centered at a particular nucleotide in
the base sequence

Percent of identical nucleotides in L positions of the alignment
is calculated and plotted

Move to the next nucleotide
g




Finding conserved regions with
percentage and length cutoffs

Conserved segments with percent identity X and
length Y - regions in which every contiguous
subsegment of length Y was at least X% identical
to its paired sequence. These segments are
merged to define the conserved regions.

Output:

11054 - 11156 = 103bp at 77.670%  NONCODING
13241 - 13453 = 213bp at 87.793%  EXON

14698 - 14822 = 125bp at 84.800%  EXON

VISTA plot

KIF Gene
ANIN 0NN 1§

% Identity
[ 1 A M Between
Humans/Mice

\ “ ‘ H TJ (Vertical Axis)

Okb Human Sequence (horizontal axis) 10kb

¥

10



MEF2C
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Low-IDensity [fipoprotein Receptor (LLIDILR)
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Multi-Species Comparative Analysis (VISTA)
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VISTA input files

-Sequences of two or more organisms
Annotation file for a base sequence if available

VISTA output files
« All pair wise global alignments of the sequences
« VISTA plot

* The list of conserved regions at predefined by the
user length and conservation cutoffs

VISTA flavors

* VISTA - comparing DNA of multiple
organisms

- for 3 species - analyzing cutoffs to define
actively conserved non-coding sequences

« cVISTA - comparing two closely related
species

- rVISTA - requlatory VISTA

13



Example: Dubchak et al., 2000, Genome Research, 10: 1304-1306.

KIAAD202 Cydin | - homsleg KIF3
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Human/Dog
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Human/Mouse

L

Mouse/Dog

Human/Dog
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Mouse/Dog
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Mouse/Dog o |
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Active conservation of noncoding sequences -
present in more than two mammals

% Cutoff

sum of three pair wise
Intersection/Union
values is maximal

Over 120 basepairs:
H/D > 92%
H/M > 80%
D/M>77%
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Identifying non-coding sequences (CNSs)
involved in transcriptional regulation

o Gene
Transcription

rVISTA - prediction of transcription
factor binding sites

- Simultaneous searches of the major transcription
factor binding site database (Transfac) and the
use of global sequence alignment to sieve through
the data

« Combination of database searches with

comparative sequence analysis reduces the
number of predicted transcription factor binding
sites by several orders of magnitude

15



Regulatory VISTA (rVISTA)

1. Identify potential transcription factor binding sites for
each sequence using library of matrices (TRANSFAC)

2. Identify aligned sites using VISTA

3. Identify conserved sites using dynamic shifting window

Percentage of conserved sites of the total 3-5%

lkaros-2 lkaros-2 NFAT lkaros-2

Human TGATTTCTCGGCAGCAAGGGAGGGCCCCATGACAAAGCCATTTGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCTGTCTCTCCCTTC!
Mouse TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCACTCGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCTCTCTCTTCCTCCH
Dog TGATTTCTCGGCAGCAAGGGAGGGCCCCATGACGAAGCCATTTGAAATCCCAGAAGCGATTTTCTACCTACGACCTCACTTTCTGTTGCGCTCACTCCCTTCC
Rat TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCACTCGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGTTCTCTCTTCCTCCC(
Cow TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCATTTGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCGTTCTCTCCCTTCC
Rabbit TGATTTCTCGGCAGCCAGGGAGGGCCCCACGAC-AAGCCATTCAAAATCCCAGAAGTGATTTTCTACTTACGACCTCACTTTCTGTTG---CTCTCTCCTTCCCT]

———— I — . ——

>

20 bp dynamic
shifting window
>80% ID

~1 Meg region, 5q31

Coding  Noncoding
I

Human interval Transfac predictions for GATA sites 839 20654
i

Aligned with the same predicted site in the mouse seq. 450 2618

Alligned sites conserved at 80% / 24 bp dynamic window 303 731
0
Random DNA sequence of the same length 292800




2 Exp. Verified GATA-3 Sites
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Sequence motif recognition
+
multiple sequence alignment of syntenic
r'egifns,

a high throughput strategy for filtering and
prioritizing putativg DNA binding sites

genomically informed starting place for
globally investigating detailed regulation

18



Main features of VISTA

Clear , configurable output

Ability to visualize several global
alignments on the same scale

Alignments up to several megabases
Working with finished and draft sequences

Available source code and WEB site

Related publications

ONE

Loots GG, Locksley RM, Blankespoor CM, Wang ZE, Miller W,

Rubin EM, Frazer KA. Identification of a coordinate
regulator of interleukins 4, 13, and 5 by cross-species
sequence comparisons.

Science. 2000 Apr 7;288(5463):136-40.

TWDO

Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox DR,
Fruchart JC, Krauss RM, Rubin EM. An apolipoprotein
influencing triglycerides in humans and mice revealed by
comparative sequencing.

Science. 2001 Oct 5;294(5540):169-73.
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What if you don't have a sequence of other species for
the region of your interest?

Are there publicly available comparative genomics data?

Large scale VISTA applications:

Cardiovascular comparative genomics database
http://pga.lbl.gov

Godzilla - comparing the human and mouse genome
http://pipeline.lbl.gov

Godzilla - automatic computational system for
comparative analysis of genomes

http://pipeline.lbl.gov  http://www-gsd.lbl.gov/vista

DATA
Base Human Genome - Golden Path Assembly

Mouse assemblies:

Arachne October 2001
Phusion November 2001
MEGSO R Anril 2002

20



Main modules of the system

Mapping and alignment of mouse contigs
against the human genome

AN

Visualization Analysis of conservation

Chromosome Comparison

LR

2 3 a 5 6 7

15 16 17 18 19 =20 =21 =22 X M
= - =
3 4 5 © 7 s ° 10
- - - -
14 15 16 1/ 18 1

13 14
-
1 2

Human

Mouse

x Y

Base pair alignment

247 GGTGAGGTCGAGGACCCTGCA CGGAGCTGTATGGAGGGCA AGAGC

I: (N N A N N Rt N N NN B R IE===1111
368 GAGTCGGGGGAGGGGGCTGCTGTTGGCTCTGGACAGCTTGCATTGAGAGG




Tandem Local/Global Alignment Approach

Sequence fragment anchoring (DNA and/or translated BLAT)
Multi-step verification of potential regions using global alignment (AVID)

LOCAL ALIGNMENT HITS

l query contig 157580888 157a5a0aa8] 1579aaeaa| 15795a0a8]
o 2

na Blat hits

1
f |
H I ]
L]
H
I | b,
Known Genes (fram RefSecy
| 1 HHH—— HHHH HHEHH- 1 | Liali B
] Mouse Translated Blat Aligrments
W 18| | L [ (11T AT I 11 T N
base genome
GLOBAL ALIGNMENT

Advantage of the tandem approach:

better sensitivity/specificity trade-of f

fill-in effect
scoring longer alignments

NT_002606 at Chr.17:2909457-29116113

BLAT ‘ Saae Zateeaas] i Ea;gairaie‘_gil L) [<=TET]secel |
t HH——H— H

LOCG' K?own Genes (from REF.Seq) ;

alignment n 1 iy Tl Tl i R AN

AVID

Lobal ‘f " ' i A \

ahanment Aot AP AA 7 i N WA
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Visualization - VistaBrowser & VistaTrack
THE BERKELEY GENOME PIPELINE

M oEE AR
--FIEHD
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Stand-alone Java applet for detailed comparison
Comparison combined with the human

MyGoms genome annotation on the UCSC

SormE Human Genome Browser
Loes
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VistaBrowser

e [_ (O]}
| e [ Jz)z]as|e|7]a]o]w]]iz]1a]re]1s]1e]17]1a]19]20]21 ]2 |l v |
|

-2l I |

107 kbp

PHKAZ
MMMM M A MPM{M ﬂ ’“\ -
M I ..ﬂ M '
——— e T s o o s v v o
PHEAZ
Chromosome X 75%
g 3l W Ly ﬂMM” Wl g
o [ @R s bl L il
17435k 17438k 174k 17 17447k 17460k 17463k 1744k 17458k

PHKA
Min ConsWidth (bp) | 100

e [ 4 M
D L A, T YR 1

00
Graph Mas) B T Z= Z= o . e ED KD D
Graph Min (%) |80 @ e oM™

GPFd

EHi
#Roms  [autn v

= 1 bt T

17480k 17402k 17405k 17408k 17801k 17504 17507k 17510k 17513k

23



. VistaTrack

NA Tables Convert Ensembl VistaTrack G

et e b 0 animor of the TTCSC Cerwene Browrser (7.8, ALl the data are mimored from the TCSC cite. & SLAR track has been added, as v
erts track. The Browser hae been modified to add o Wists Track rexaviples). Cumerdhe, Wista Track displaes the resalte of the Berkeley Genorne Pipeline (G

UCSC Genome Browser on Human: Aug. 6, 2001 Freeze
move [scelale Lo T>> [>22] zoom zoom out [ 1:5x] 3 ] 10%]

positigh [TGFBT size 23562, pixel width [620 [jugp ]

Vistalrack

I }
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MyGodzilla - is an interactive web tool for
comparing your favorite sequence against
Luas the human genome

COHTACT HFD
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MyGodzilla Tool

choose a fasta file

Fasta | GenBank ImDUSE!, rat LI | %‘
search | pely

Submit a DNA sequence of ANY organism...

... or submit a whole chromosome and analyze another Genome

a

Your request 15 submitted and the results will be ready at this mk: http /pipeling. Ibl gov/cache 24022599550 8711

0 Tecemve an automatic notfication type your emat here: | -

Examples of Results

* Understanding the structure of conservation
- Identification of putative functional sites
- Discovery of new genes

- Detection of contamination and misassemblies

25



Two assemblies are better than one

AR_G3 175
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Identification of a New Apo Gene on Human 11q23
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Identification of a New Apo Gene on Human 11q23

Godzilla

UCSC Genome Browser on Human: Aug. 6, 2001 Freeze

position [APOAL size 52979, pixel width [620

AR_4 6908
mouze (arachne 33

Ease Fosition
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Gap

Coverage
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Gap Locations
Clone Coverage sFragment Fosition

Khawh Gehes (from RefSegh

R MR A aa & 2oy 2 a1
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New Gene (ApoAb)

Pennacchio LA et al.
Scrienre 2001 294:1AQ9-73.

Finding requlatory regions

Muscle Specific Regulatory Region: human
beta enolase intronic enhancer
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Comparative analysis of genomic intervals
containing important cardiovascular genes
http://pga.lbl.gov

o o CEMOMIG NEWS OVERVEW TOOLS DATA  RESEARCHERS OTHERPGA's  EDUGATION

[T vt T —

Comparative Genomic Analysis of Cardiovascular Gene Regulation

The central goal of this PGA is to use a comparative genamic approach first ta
identify, and then to determine the function of elements regulating the
expression of genes affecting the cardiovascular system

VISTA comparative genomics analysis. Submit your sequences,

PET R

FE=o

CVCGD database of cardiovascular genes. Find a gene:

http://pga.lbl.gov/cvcgd.himl

berkeley

Cardiovascular Comparative Genomic Database (CVCED)

This database includes well-studied CV genes, for which an understanding of ragulation should
provide insights into CY relevant biolagical issues. While only a fraction of these genes will be
characterized in the PGA biological projects over the 4-year time period of this prograr, the
sequence of ~200 genomic intervals containing CY genes will be obtained and comparatively
annotated and included in the CVCGD.

The database contains a variety of information for each gene relevant to this SEARCH the C(VC6D

project:

* by gene name and abbresiation

* sorted alphabetically

* by categories (groups of diseases)

Gene name;

Gene |0 in the OMIM database (OMIM);

Hurnan map location (HM);

GenBank accession number for human cONA (HC);
Mause map location (MM);

GenBank accession number for mouse cDNA (MC).
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Example of CVCGD entry

ion liansporter member 4 [SLC22A4. OCT|

Edil Wiew
rélJ_é.j 4 4 = = & @
CVCGD seachiosults|Relnad ~ Home  Search  Netscape  Prnt  Secuity  Shop  Gicp
7| § Bookmarks A Losation [t //pga bl gov/cbbin/gel_gensid=234 =] @7 wh

] Bioinformatics,
Solute carrier family 22, organic cation transporter member 4 (SLC22A4, OCTNI)

s Category: Atherosclerosis

¢ Gene ID in the OMIM databage: 604190

* Human map location: 5¢31

¢ GenBank accession number for human cDMNA: MM 003055

¢ MMouse map location: 11

* GenBank accession mumber for mouse cDNA: MM 012687

* Armmotation of the human sequence

¢ Human mouse abignment: Whole sequence | 1-100000 | 100001-200000 | 200001-300000 | 200001-400000 | 400001-500000
500001-600000 | 600001-700000 | 700001-800000 | 00001-500000 | 200001-267696 (eee tmportant nate below) | Printab
wersion (PDE

¢ List of conserved regions

Note: [f your browser hangs or crashes on the alignment page you can try ihis ink instead.

Short annotation of the region

- -
Annotation of the VAS5q31 region *
948869 bp
.
131/AFHYP_1 LACSZ
GDF-9 SEPZ KIF3A HYP_4 IL-5IRF1 P4HAZ KIAARDB37
i
P PR o En
[ H | (B [ ]
S em s 8 S22 8 2 298 58 & 88 2 =&
= s s 5 S 28858288888 ssss8¢e4g
E g3 58 EEEEEEEEE8EEE 88828 ¢E ¢ g 8
S EEEEEEEEEEEEEEEEEERENE
E=E s EEE R =8 RE =228 =2
SR E2SETREFESEERGEEESFEREE BE R
[
Y BN T W I
UNE_1 HYP_2 HYP_3 IL-4 RADSO HYP_SHYP_6OCTN2 OCTNIRIL GM-CSF
UBE L-1. HYP_7 IL-3
=
* hssembly contains a delstion of 18822 bp after the first exon of the RIL gene
Gene Name Identity/Similarity
LT 53 1/7AF4 Tdentical to 5601477 Homo sapiens AF5q31 protein (AF5q31) (Start not found)
GDF-% Identical to gi[488526 growth differentiation factor 3 from Homo sapiens
HYP 1 hypothetical
= R PSR T 2TV T VIR DS
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Detailed annotation in AceDB
format

GENE LACS2 : Identical to gi[4336603 long-chain acyl-CoA synthetase 2 (LACS2) from Homo sapiens (End not found)

elected DNA  [Origin:]1 [Betive zone:]1 72379
LACSz 1 72379 (723793 hand_built
Eolumns ] [Zoom In. .| [Zoom Out. .

[Analysis, .| [GeneFind,.]

FJo

KIAAOBZY LACS2

10000

20000

30000

VISTA plot of the region

Genomic region containing Solute carrier family 22, organic cation transporter member 4 (SLC2244, OCINI)

You can view correspending alignment regions if you click on the picture inside plot frames

AFsa3I AR

o ETEN A i i
= [ L T

ke sk P B sk 10k 1k 1Bk 1B 2tk 21k 22k 2%k 24k 25k

CHS urk 1 usy )
—_

AT IAN) Y W YR i

2fkc 2Bk 2k 2Bk 2%k 3k e Ak alk amk ANk Wk abk 4Bk ATk Bk #%k  shk

i, hal
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multiVISTA plot of the region

Genomic region containing Apolipoprotein AV {APOAJ)

This plot is not clickable. In order to view alignment regions please go back to the gene page and click g
alignment you are interested in.

Alignmant 1

T Riran mouse T = iy
Gitkra 755, 100 bp e
Fagions: 10 = v =
Aignment 2 - s
235 Ruman s bit ] =
Githra 5% 100 b £
Rigions 273 o
e T T PO M ™
Alignmant s
Sarae: human A
Gk 135 10 N p
LY - )
Agnmentd = i
San: human iy
Gt 135 180 Ep 3 P s 1
e 136 o
" i
Critkria 755 100 B p In i
Ragions! 36 B O R P A T M T I o M
Y-sxia: human
Kosonton 28 U1
Windaw 3e; 10005
conty
+ gene gg
i
e e

Alignment

Genomic region containing Solute carrier family 22, organic cation transporter membe¢
=eql = human
Seq?2 = mouse
6390 7000 7010 7020 7030 7040
zeql CAGAGTGACAGC ACAACACAGAGAAGAACTGTAGGC AALAAACAACCCARLAAGGCTGAG
Frerr e e e reerr rerrer e perr e e e e e
seq2 CAGAGCGACAGTACCACTCAGAGGAGLACTGTCGGC AALAAACAACCCARLAARCCTGAG
8130 5140 5150 8160 5170 5180
7050 7060 7070 7080 7090 7100
zeql LAGGCAGCTGCTGALGAGCC TCGTGRAGGCC TCALGATAGARLGTGAAACCCCTGTAGAC
FEE e e e e e et e e e e e e e e e rerrerer
seq2 LAGTCAGCTGCTGALGAGCC TCGTGRAGGCC TCALGATAGARAGTGAGACCCCTGTGGAC
8150 5200 5210 8220 8230 8240
7110 7120 7130 7140 7150 7160
zeql TTGGCTAGCAGC ATGC COTCCAGE AGAC ACAAAGCAGCCACCARAGGC TCAAGGARACCT
FEEEE Prreererr e e eer trer e e eer e rerrr rerrerrnd
seq2 ATGGCTGCCAGE ATGC COTCCAGE AGGC ACALAGCAGCCACCAAGGGC TCGAGGAAACCT
8250 8260 5270 8280 5290 8300
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Conserved regions

Genomic region containing Solute carrier family 22, organic cation transporter member 4 (SLC22A4, OCINIL)

Criteria: 75% identity over 100 bp

#arrzsrzseszees Conserved Regions — humen [mouse] Tsmazzassmasss
1469 (580) to 1515 (626) = 47bp At B85.1% exon
z668 (2043)  to 2817 (z191) = 153hp at 80.43 noncoding
4316 (4531) to 4370 (4585) = 5S5bp &t 100.0% exon
4818 (6136) to 4853 (6173) G8bp at 97.4% exon
6717 (7360)  to 7634 (8777 Sisbp at 87.8% exon
10839 (10743) to 10927 (10837) BSbp &t 91.0% exon
11553 (12627) to 11793 (12873] = z47bp at 81.8% exon
14508 (15706) to 14622 (15823) 1lShp &t 76.5% noncoding
14671 (158861 to 14783 (16003 11i8bp at 74.6% noncoding
14784 (16004) to 14878 (16098) S5hp at 89.53 exon
15797 (17526) to 15860  (17583) G4bp at 93.8% exon
15975 (17703) to 16111 117839) 13%7bp at 90.5% exon
16365  (18045) to 16436  (18116] = Fzhp at 91.7% exon
16437 (18117) to 16535 (18217) = 101lbp &t 75.2% noncoding
17554 (18914) to 17647 (18007] = S4bp at  87.23 exon
| Astam - Microsoft IntemetBxplorer =Tk

| Ble Edt Vew Favorites ook Hefp

| @ - © - (%] [&] (0| Pseach Yiprovones @redn €| - F -

| Aeress [£] th.berkeley. eduje il |

About

The SLAM server: submit pairs of sy e for gene and

Eater your email address (For obtaining results)
The first sequence (in FASTA format) Browse..

The second sequence (in FASTA format): Browse.
Plesst Submit sequences

newt Results of the STAM whole genome of human and mouse

Powered by the baboon
[E]pone [#@ mnterner 7
-

http://bio.math.berkeley.edu/slam/




SLAM components

* Splice site detector

- VLMM
+ Intron and intergenic regions

— 2nd order Markov chain

— independent geometric lengths
* Coding sequence

— PHMM on protein level

— generalized length distribution
» Conserved non-coding sequence

— PHMM on DNA level

SLAM input and output

e Input:
— Pair of syntenic sequences (FASTA).
e QOutput:

— CDS and CNS predictions in both sequences.

— Protein predictions.
— Protein and CNS alignment.
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Input:

SHSIGF2G Human gene for insulin-like growth factor II.
CCCAACCCCGoGCACAGCGGECACTGETTTCGGGCCTCTCTGTCTCCTACGAAGTCCGTA

GAGCAACTCGGA
CGCGCCCTCAGS
GCCCCCAGTCTC
CTCCCGGACACT
GLCACAGAGCGT
CAGCTTCGCGGT
TCTCGGECCCGCA
GLCGEGECGTEEGG
GGGOGCCCCGAL
AAGCGGECTGGAG
GAGGCGCTCCCG
GGGECGCGCEGAG
CGCGGEGEATTCCGH
GGETGCGGGATTT
GTTCAAACTCTCO
ACCGAACTCGCGT
TTTTGGEGETGEGCT
GTAGGATTTGAGH
TAGGCTCCAAGCT
GLGEEGEGCTCCGE
AAGGCCCGCGTGE

>HHU71085 Hus musculus insulin-like growth factor II (Igf2)
AGACAGTTCCTTTCCCCAAGATAACCAATACCGTCAAGTAGCCCATAACCCCCACCCTGA
GTTTGTCCGGGAGEATCATGACCCCCACCCCTGATGCTTCTAGCTGGATAGAGAAGAGCT
AGAGETCTTTGGAAGGCATGGETGATGECAGCTAGGAGCTGATAATTTATTGCTCTATAG
CCTTGGATCCTCAAGGGCCCCAGAGAACTTTTATAAGAAAGAGGACCAAAATATTCCAAC
AACAGTTCCCATCTAGCCTTCCTGAGTTCTTTTTCCATAGCTATTTTAGAAGGACTCCCT
GAATGGCETAGAAAGAGAGGCTTGGEGACCTTGAGCTGGAAGGCCATGGAAGGCATTTTTCA
AAGAGATTATCCCAGCTCTGGGAGGACAGAGAATAGCCCCAGCTGCTCTCAGACTATCCA
AGTGACTCTTAGTGCTCAGAAGAAGACAGGCATCCCACATGGGTAGGATGACGTACTGAL
GGGATCCCATAAGCCCTGEECATGAGCCAGAACTCCACTTCTCAAAAATGACCAGTTGTG
AGTTCTAAGCAAGETGGCCATGAGGAAGACCTAGGGTTGGGGCCTCCTACCACTTCTCAG
COCCTCCTTCCAGC TAGATAGGTTCCTTGAACCTAACTGCTTGGTAGTCCCCTAGAAATA
TTCTCAGTTCTAAAGAAAAGCCACAAAACAGCTAGATCTTTGGGAAATCTCAACAGAGTG
CCTCTCTTTCACACTCTGAGCCCAGTTGGETGCCACCTGTCCGGCAGATGAGAGCTTAGG
GGCCTAGGGTGATCCTGGTTGCCACAAGGGCTGGCCAACCTGCCTGCCACCCARAGTCAAA
COCATCTGTTCCTCAAAGCTCCACCCAGAACCAGGGTGGCAAGTCTCTGAACTAGACATA
GGCCTCCTTGCTGETACTTGTTGGECTGGGAAGCCTCCTCCAGCAGTGCTAAGAACCCTTC
CTGETCACCCCCTCTCTGTGACAATACCACAGCCCCACCTAGAGAAATCTCACAAGGCCA
TAGCCAGCCATCCCCCTGARAAAGGAAGGCCAGAAATGAACATAATGGATGAGTGAGTGG
ATGGATAGACACTGGACCCARAAAGAAGARAGAAGGAGGAGCCTGGGETCATTCTATGGAA
CTCCCCAGGETCTT GG TAGGGT AGCAGATAGGGTACCCTACTGTTCAAGTGCCACAAAC
TTTCTGGAGGGCATATGACT CACGGGTALAGGGAACAAAAATCTTTGEGTCCTTGEECCT
TGTEEEECGAGTCAAGCTTTTCAGGAAATGTGGT. . ... ... ..

Output:

hs plilAA SLAN _ CHE 15 a identit tag

hs > CHS 7: (159,158) bp

¥
z
¥
z
hsf o
z
¥
z

i Identities = 143-159 (89%)

I > CHS 8: (171.170) bp

1813 goagttogoo tgototoo:
ITIHT

18925 cgagttcgoc tgctctcogg
1863 cococcooott
10575 abbAtebtl
1913 tgoccaccag
15025 catetatbes
1963 gotgooctog 1971

13075 gecacctog 19083

1972 ctgotgactc coghtoooggy cgoogtoogo
FEEEE T T e 11 LI
13086 ctgctaactc ctgtgoaggg cgcogtcage
2022 ctgeggattc coogocgoct cotottoatc tacctoasct coccocatcs 2071
[
19136 tgcggatctc cocaccgoot cotoototat ctacctoa—a caccoocattc 19185
caggcagtco
PP TETERTT T T P LT ETT e T THT T
19186 ctgcttcgoc agaggsggeg gtococaccy caggoagtoo
2122 ccgocggegt tgtcaccooo o 2142

¥

z

¥

z

¥ 2072 cogocttogoo cgaggaggey gttioococococog
z

¥

Z 19236 tocgoccggogh tgtocatcocoo o 13256

Identities - 125/171 (73%)

gaggccoag coggoscogg 1862
TITTLE T e rnt

gaggocagy cogocooog- 18974

—a

i
Savsmtany | LOFVCGDRGE
GELVDT LOFVC DRGE

-|3||:|:Dacg|:|:t -—T;T_::gcgcc: 1912 LOFVCSDROF

coggoogooe cogootootg
PITTUITENE TETEIETTT
coggccgcce cogectcoty gocoacdoco goccgegotc 19024

RDVSTPETVL
ATPAKSE RDVST VL
ROVSTSOAVL

cgoctocatc gggoaaggog gocoogogtc gacgoogoos 1962
ITEIEEETE T TECT TELELTETEE T 1l
cgoctccate cgggotageg gocoogegtc gacgoogtec 19074

LAKELEAFRE
RARRG + LAKEL+ FRE
LAKELKEFEE

9g9g9tcgcgs toogoogags 2021

gggcogegot cogtogggoe 19135

ggctogoagy 2121
ggcttgoagg 19235
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Publications on our tools:

I. Dubchak, M. Brudno, L.S. Pachter, 6.6. Loots, C. Mayor, E. M.
Rubin, K. A. Frazer. (2000) Active conservation of noncoding

sequences revealed by 3-way species comparisons. Genome
Research, 10: 1304-1306.

C. Mayor, M. Brudno, J. R. Schwartz, A. Poliakov, E. M. Rubin, K. A.
Frazer,Lior S. Pachter, I. Dubchak. (2000) VISTA: Visualizing
global DNA sequence alignments of arbitrary length.
Bioinformatics, 16: 1046-1047.

G. G. Loots, I. Ovcharenko, L. Pachter, I. Dubchak and E. M. Rubin.
(2002) Comparative sequence-based approach to high-throughput

discovery of functional regulatory elements. Genome Res., 12:832-
839

I. Dubchak, L. Pachter. (2002) The computational challenges of
applying comparative-based computational methods to whole
genomes. Briefings in Bioinformatics, 3, 18.

Related sites

The Human Genome Browser & BLAT program
http://genome.ucsc.edu/

ENSEMBLE Project (Sanger Center) http://www.ensembl.org/
AVID alignment program
http://baboon.math.berkeley.edu/~syntenic/avid.html

SLAM comparative gene prediction program
http://bio.math.berkeley.edu/slam/mouse/

PSU group's MHC Human-Mouse comparison results
http://bio.cse.psu.edu/mousegroup/ MHC/

PSU Pipmaker program http://bio.cse.psu.edu/pipmaker/
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Summary

Suite of comparative genomics tools VISTA
http://www-gsd.Ibl.gov

Godzilla comparing the human and mouse genome
http://pipeline.lbl.gov

Cardiovascular comparative genomics database
http://pga.lbl.gov

Questions? Write to vista@|bl.gov

Towards Better VISTASs

Information A
’ T -A‘?m

from a Single
Sequence
Alone

Multi-Organism
High Quality
Sequences
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